INTRODUCTION
============

Salutogenesis and sense of coherence (SOC)
------------------------------------------

The concept of salutogenesis advocated by Antonovsky differs concretely from pathogenesis.^[@ref1])^ Pathogenesis focuses on treatment by prevention and on the realities of a specific disease. Additionally, pathogenesis is based on the belief that "a stressor is bad for a person." On the other hand, salutogenesis regards health as a continuum and emphasizes overall factors for good health rather than specific factors for an illness. Moreover, salutogenesis assumes stressors are unevenly distributed and are characterized by focusing on the entire person and how they deal with stressors. In salutogenesis, "health" can be conceptualized as a "health ease/dis-ease continuum," and each person falls somewhere between these two extremes.^[@ref2])^ The role of stressors is explained by the "sense of coherence" (SOC).^[@ref1])^

Antonovsky defined SOC as "a global orientation that expresses the extent to which one has a pervasive, enduring though dynamic feeling of confidence that (1) the stimuli deriving from one's internal and external environments in the course of living are structured, predictable, and explicable; (2) the resources are available to one to meet the demands posed by these stimuli; and (3) these demands are challenges, worthy of investment and engagement."^[@ref3])^ Individuals with a strong SOC avoid stressors; that is, they define stimuli as non-stressors or are able to overcome stressors.^[@ref1],[@ref2])^ Resources used to alleviate stressors are called generalized resistance resources (GRRs). GRRs consistently produce life experiences, provide an underload−overload balance of stimuli, and help shape the outcome of the experiences. Consequently, GRRs and a strong SOC are positively correlated.^[@ref1])^

Numerous works on SOC have examined the local populace as below. Wiesmann and Hannich have reported that SOC is a predictor of health and its relationship to a health condition.^[@ref4])^ Additionally, SOC is related to social status factors, such as occupation.^[@ref5])^ Another study found that SOC is related to sleep quality.^[@ref6])^ SOC has a direct effect, modulating effect, and a mediating effect on health.^[@ref7])^

A relationship of SOC with self-management of chronic diseases has been reported.^[@ref8])^ Additionally, a relationship between the SOC and quality of life (QOL) in patients with chronic illness has been reported.^[@ref9],[@ref10])^ Stressors due to living with an illness easily decrease SOC and QOL.^[@ref11])^ In a longitudinal study with patients who had suffered an acute cardiac infection, SOC was reported to influence survival rate through self-rated health, as well as the comprehensibility, manageability, and meaningfulness, which are subordinate concepts of SOC that are related to decreasing vagueness and uncertainty due to disease.^[@ref12])^ In particular, another study suggested that high SOC was related to a low attack rate of apoplexy following stroke, and that a lack of ability to adapt to stress could be a potential risk factor for apoplexy.^[@ref13])^

Background and purpose of research
----------------------------------

The number of diabetic persons in Japan has recently been estimated to be about 9.5 million people.^[@ref14])^ Diabetes is related to psychosocial factors such as SOC and medical factors including BMI and family medical history of diabetes.^[@ref15])^ Moreover, two reports have found that a diabetic person's SOC is related to coping strategy,^[@ref16],[@ref17])^ while another found that SOC is related to QOL.^[@ref18])^ Blood sugar control is related to SOC through adherence and psychological pain.^[@ref19])^ Additionally, it has been suggested that intentionally improving SOC in daily life is useful for the self-management of patients with complications.^[@ref20])^ Moreover, SOC has been assumed to be indirectly related to self-rated health, but no relationship was found with glycosylated hemoglobin (HbA1c) and SOC.^[@ref21])^ However, there are few reports on the utility of salutogenesis for under diabetic person and the influence of a diabetic person's sense of burden and blood sugar control via SOC on self-management has yet to be sufficiently clarified.

Hence, examining the factors related to SOC in salutogenesis should be useful. Consequently, this study examines the utility of the salutogenesis with SOC as its core for self-management of type 2 diabetes.

MATERIALS AND METHODS
=====================

Research hypothesis
-------------------

The present study determined three working hypotheses based on the concept of salutogenesis. (1) Patient characteristics are related to SOC, Problem Areas In Diabetes survey (PAID), and HbA1c. (2) SOC is related to PAID. (3) PAID is related to HbA1c. [Fig. 1](#fig1){ref-type="fig"} shows the research framework.

![Self-management model for patients with type 2 diabetes. The study framework was derived from Antonovsky's hypothesis. The operative variables used in this study are also shown.](2186-3326-80-0061-g001){#fig1}

Design
------

Data on study variables were collected using a cross-sectional design and questionnaires.

Participants
------------

Participants were outpatients with type 2 diabetes between 20 and 75 years old, who regularly sought care at one of three hospitals in Hokkaido. One hospital is private general hospital. The other two are private hospitals specializing in internal disease. These hospitals were selected to secure an adequate number of participants for the cross-sectional study and to reduce selection bias that would occur when assessing only one facility. Participants with impaired communication abilities due to mental health problems, participants with perceptual disturbances, and those with renal failure or who were pregnant were excluded from participation.

Measurement instruments
-----------------------

Antonovsky created two versions of the SOC instrument, one containing 29 items and one containing 13 items.^[@ref22])^ The reliability and validity of the two versions has been verified.^[@ref23],[@ref24])^ Additionally, a Japanese version has been validated and a study found a Cronbach's α of 0.81.^[@ref25])^ This study employed the 13-item version due to the load on the respondents.^[@ref26])^ The 13 items correspond to the three components of SOC: 5 items about comprehensibility, 4 items about manageability, and 4 items about meaningfulness. Participants are asked to respond on a 5-point Likert scale with total scores ranging from 13 to 65. The higher the score, the stronger the sense of coherence is. The questionnaire was used with the permission of the copyright holder.

The reliability and validity of the Problem Areas In Diabetes (PAID) Survey was verified at the Johnson Diabetic Center and Harvard Medical School in the United States.^[@ref27])^ Additionally, the reliability of the Japanese version has been verified; Cronbach's α was found to be 0.93.^[@ref28])^ Participants are asked to respond on a 5-point Likert scale with total scores ranging from 20 to 100. The higher the score, the higher sense of burden from having diabetes is. The PAID was selected because it reflects multiple factors, including somatization, mental well-being, and a social dimension, as well as comprehensibility, manageability, and meaningfulness in terms of SOC.

The participants provided information on the following items to assess characteristics of patients who go to hospital: sex, age, height, weight, duration of diabetes, employment status, family structure, frequency of hospital trips, and HbA1c. The patients provided information on the following items as variables representative their current medical history: diabetic complications (retinopathy, nephropathy, and peripheral neuropathy), pharmacotherapy of diabetes (internal medicine and insulin injection), and if they have been hospitalized due to diabetic complications. HbA1c is an index that shows the average amount of sugar in person's blood during the preceding one to two months. It is used to monitor the effectiveness of diabetic treatment. Additionally, the Social Readjustment Rating Scale (SRRS) was administered as life events are believed to be related to SOC.^[@ref29])^ The questionnaire inquired about life events in the preceding three months, including major positive or negative changes in financial status, living conditions, and other life events. HbA1c was used as a marker for where participants fall in terms of the health ease/dis-ease continuum.

Data collection
---------------

The author individually explained the research purpose to each patient who visited each hospital outpatient clinic, and requested participation from patients who met the inclusion criteria. Patients who consented to participate were then recruited and asked to sign an informed consent form. The participants received the questionnaires and an envelope for returning the completed questionnaire by mail.

Sample size
-----------

The sample size was not calculated statistically as this study included not only hypothesis testing but was also exploratory.

Statistical analysis
--------------------

The self-management of patients with type 2 diabetes was analyzed using structural equation modeling (SEM). SEM is useful for splitting the influences of one variable on another into total, direct, and indirect effects.^[@ref30],[@ref31])^ Recently, SEM has come to be used as a method of analysis in medical research.^[@ref32],[@ref33])^ We used SEM to quantify the relationships that are mediated by patient characteristics, SOC, the PAID, and HbA1c. In addition, Spearman's correlations were used to determine the relationships between SOC, the PAID, HbA1c, and characteristics of patients. Variables that correlated positively with SOC was assumed to be an element of GRRs. Binary variables in terms of the participants' characteristics were analyzed using Mann−Whitney tests between SOC, PAID, HbA1c, and variables considered to be GRRs. Only significant variables were assumed to be a variable of the SEM, and an arrow was drawn based on the hypothesis ([Fig. 1](#fig1){ref-type="fig"}). The significance level was set at p \< .05. Statistical analysis was carried out using the Japanese version of IBM SPSS Statistics version 22 and the software AMOS version 22 (IBM, Armonk, NY, USA).

Ethical considerations
----------------------

Participants received a verbal and written explanation of the study objectives and methods. Upon agreeing to participate, participants signed the consent form and kept a copy thereof for their reference. The study complied with the Declaration of Helsinki with regard to confidentiality and data management.^[@ref34])^ Participants were also informed that they could withdraw from the study at any time without penalty. The clinical research review committee of Hokkaido University approved of the study (No. 10−02−1).

RESULTS
=======

Study participants & baseline characteristics
---------------------------------------------

[Table 1](#table1){ref-type="table"} shows the participant characteristics. One hundred and seven respondents (60.5%) were men. The average age of men and women combined was 57.9 ± 10.9 years old. One hundred and sixty-three respondents (92.1%) were 40 years old or older. The SOC score was 45.8 ± 8.9, which is similar to the score of 44.1 ± 8.8 found in a survey of 1095 adult men and women in Japan.^[@ref25])^ Cronbach's alpha for this scale was 0.87. The PAID score was 43.2 ± 16.0 with a Cronbach's alpha of 0.95. The average HbA1c value was 6.8 ± 1.3%, and the average duration of diabetes was 9.0 ± 8.6 years. Twenty-six people (14.7%) were single, and 93 respondents (52.5%) were employed. One hundred and fifty-eight individuals (89.3%) received pharmacotherapy for diabetes. One hundred and fifty-three respondents (86.4%) went to the hospital at least once a month. Additionally, 23 (19.3%) reported major changes in their financial status, 22 (18.5%) indicated major changes in living conditions, and 74 people (62.2%) reported other major life events.

###### 

Characteristics of participants (*n* = 177)

  Item                                       Breakdown                  
  ------------------------------------------ -------------------------- -------------
  Sex                                        Male                       107 (60.5%)
                                             Female                     70 (39.5%)
  Age (mean±SD)                                                         57.9 ± 10.9
  Height (mean±SD)                                                      162.6 ± 9.0
  Weight (mean±SD)                                                      66.2 ± 11.9
  BMI (mean±SD)                                                         25.2 ± 4.0
  SOC (mean±SD)                                                         45.8 ± 8.9
  PAID (mean±SD)                                                        43.2 ± 16.0
  HbA1c (mean±SD)                                                       6.8 ± 1.3
  Duration of diabetes (mean±SD)                                        9.0 ± 8.6
  Family structure                           Living alone               26 (14.7%)
                                             Living with more persons   151 (85.3%)
  Employed                                   Yes                        93 (52.5%)
                                             No                         84 (47.5%)
  Presence of diabetes complications         Yes                        41 (23.2%)
                                             No                         136 (76.8%)
  Pharmacotherapy for diabetes               Yes                        158 (89.3%)
                                             No                         19 (10.7%)
  Presence of hospitalization for diabetes   Yes                        88 (50.3%)
                                             No                         89 (49.7%)
  Frequency of hospital trips                Once a month               153 (86.4%)
                                             One every two months       24 (13.6%)
  Life events^a^                                                        
  Major changes in financial status                                     23 (19.3%)
  Major changes in living conditions                                    22 (18.5%)
  Other life events                                                     74 (62.2%)

^a^Multiple answer options

Relationship between SOC and other variables
--------------------------------------------

The relationships between SOC, age, BMI, and duration of diabetes were examined with Spearman's rank correlation coefficient. Age and SOC were positively correlated (r = .319, p \< .01). Therefore, age is a factor to improve SOC. Additionally, the relationships between age, SOC, PAID, and HbA1c were examined using Spearman's rank correlation coefficient. Consequently, it was found that SOC was positively correlated with age (r = .319, p \< .001) and negatively with PAID (r = -.473, p \< .001). Additionally, HbA1c was positively correlated with PAID (r = .190, p \< .05) and BMI (r = .180, p \< .016).

Mann−Whitney tests were conducted with sex, family structure, employment status, presence of diabetic complications, pharmacotherapy for diabetes, presence of hospitalization for diabetes, frequency of hospital trips, and life events for age, SOC, PAID, and HbA1c. In terms of age, a significant difference was observed for employment status (p \< .001) and major changes in living conditions (p \< .05). In terms of SOC, a significant difference was seen in major changes in financial status (p \< .05). In terms of the PAID scores, no significant differences were seen in these variables. In terms of HbA1c, significant differences were seen for family structure (p \< .05), pharmacotherapy for diabetes (p \< .01), frequency of hospital trips (p \< .05), and major changes in living conditions (p \< .05).

The relationships of each were examined by adding items that displayed significant differences as variables in the research frame using SEM based on the working hypothesis. [Table 2](#table2){ref-type="table"} shows the analysis process where non-significant standardized coefficients in the covariance structure analysis were excluded at a 5% significance level. Upon repeating the analysis, standardized coefficients remained significant at the 5% level. The significant standardized coefficients remaining due to the first analysis were as follows. For age, employment status (p \< .001) and major changes in living conditions (p \< .05) remained, while for SOC, age (p \< .001) and major changes in financial status remained (p \< .01). Only SOC (p \< .001) remained for PAID scores, while pharmacotherapy for diabetes (p \< .01), family structure (p \< .001), the PAID (p \< .01), and major changes in living conditions (p \< .01) remained for HbA1c. As a result, frequency of hospital trips (p \> .05) was excluded. The significant standardized coefficients after the second analysis were as follows. For age, employment status (p \< .001), and major changes in living conditions (p \< .05) remained, while age (p \< .001) and major changes in financial status (p \< .01) remained for SOC. PAID scores were only influenced by SOC (p \< .001). However, for HbA1c, pharmacotherapy for diabetes (p \< .01), family structure (p \< .01), PAID scores (p \< .01), and major changes in living conditions (p \< .01) remained significant.

###### 

Process of SEM

  -------------------------------------------------------------------------------------------------------------------------------------
  Cause\     Direction\    Result variable                         Estimated value\              Estimated value\            
  variable   of path\                                              (First)                       (Second)                    
             coefficient                                                                                                     
  ---------- ------------- ------------------------------------ -- ------------------ ---------- ------------------ -------- ----------
  Age        ←             Employed                                --.368             ^\*\*\*^                      --.368   ^\*\*\*^

  Age        ←             Major changes in living conditions      --.151             ^\*^                          --.151   ^\*^

  SOC        ←             Age                                     .288               ^\*\*\*^                      .288     ^\*\*\*^

  SOC        ←             Major changes in financial status       --.189             ^\*\*^                        --.189   ^\*\*^

  PAID       ←             SOC                                     --.488             ^\*\*\*^                      --.488   ^\*\*\*^

  HbA1c      ←             PAID                                    .184               ^\*\*^                        .184     ^\*\*^

  HbA1c      ←             BMI                                     .051                                                      

  HbA1c      ←             Pharmacotherapy                         .267               ^\*\*^                        .204     ^\*\*^

  HbA1c      ←             Family structure                        .259               ^\*\*\*^                      .228     ^\*\*^

  HbA1c      ←             Frequency of hospital trips             .007                                                      

  HbA1c      ←             Major changes in living conditions      .213               ^\*\*^                        .202     ^\*\*^
  -------------------------------------------------------------------------------------------------------------------------------------

\*p \< .05　　\*\*p \< .01　　\*\*\*p \< .001

[Fig. 2](#fig2){ref-type="fig"} shows the significant standard coefficients identified through the analyses and a model chart with the coefficient of determination. In [Fig. 2](#fig2){ref-type="fig"}, e1, e2, e3, and e4 show the error variables. Employments status (a binary variable) was negatively related to age (p \< .001). Age positively influenced SOC (p \< .001). SOC negatively influenced PAID scores (p \< .001). Major changes in financial status negatively impacted SOC (p \< .01), but had an indirect positive effect on PAID scores. PAID scores (p \< .01), major changes in living conditions (p \< .01), pharmacotherapy for diabetes p \< .01), and living alone (p \< .001) positively impacted HbA1c. Moreover, major changes in financial status and major changes in living conditions were correlated in the SEM (r = .313, p \< .001). The coefficient of determination for age, SOC, PAID scores, and HbA1c were .158, .124, .238, and .172, respectively. The goodness-of-fit of this model was GFI = .971, AGFI = .950, CFI = 1.000, and RMSEA = .000.

![Result of SEM. Based on [Figure 1](#fig1){ref-type="fig"}, we performed exploratory analysis to observe the direct and indirect effects of SOC.](2186-3326-80-0061-g002){#fig2}

The age range in this study was quite wide (20--75 years old) and the distribution may have been skewed. Therefore, an additional analysis for a subgroup which excludes young participants (\< 40 years old) was conducted. The result of this analysis provided a glimpse that the path from major changes in living conditions to age had become insignificant, and the [Fig. 2](#fig2){ref-type="fig"} model was maintained. The goodness-of-fit of this model was GFI = 1.00, AGFI = .938, CFI = 1.000, and RMSEA = .017.

DISCUSSION
==========

Participant characteristics
---------------------------

More men (60.5%) completed the questionnaire than women. More than half of the diabetic persons were employed (52.5%) and there were a many middle-aged and elderly persons (92.1%). Therefore, we speculate that the main desire of the study participants is to manage their diabetes adequately to be able to fulfill their responsibilities at work and at home. The mean value of HbA1c was relatively good (6.8). The percentage of those receiving pharmacotherapy for diabetes was 89.3%, and just over half had been hospitalized due to diabetes. However, the percentage of diabetic complications was relatively low (23.2%). Many of people went to hospital once a month (86.4%). The frequency of hospital trips in Japan is reported to be higher than that of another country.^[@ref35])^ Therefore, the target group might be reflecting the distinctiveness of Japan's healthcare system. The responses indicated that the diabetic symptoms were well controlled and most had a low sense of burden due to diabetes. However, the percentage of diabetic persons who had either major changes in financial status or major changes in living conditions were 19.3% and 18.5% respectively. Therefore, these factors are thought to influence the self-management of diabetes greatly.

Relationship between age, SOC, PAID scores, and HbA1c from the perspective of salutogenesis
-------------------------------------------------------------------------------------------

The relationship between age, SOC, PAID scores, and HbA1c was determined from the perspective of salutogenesis. Antonovsky felt the influence of age on SOC stabilized around 30 years of age^[@ref22])^ and one study found that SOC did not relate to age.^[@ref36])^ However, a different study found that SOC tended to increase with age, that is, the influence of age did not stabilize, as per Antonovsky's hypothesis.^[@ref23])^ The present study is consistent with the report where SOC increased with age. Moreover, SOC had a strong, negative influence on PAID scores, but PAID scores had a positive influence on HbA1c. Hence, SOC did not directly influence HbA1c, but indirectly affected HbA1c due to the impact of SOC on PAID. This result supports the framework of salutogenesis.

A previous work on SOC in regard to health suggested that SOC was influenced by a main effect, modulator effect, and effect of mediation.^[@ref7])^ A different report found that high SOC was related to maintaining high blood sugar levels.^[@ref37])^ A reason for this is that among the respondents with high SOC were people who did not comply with the treatment regimen and simply lead their normal lifestyle, thus maintaining high blood sugar levels.^[@ref37])^ Additionally, Antonovsky claims that respondents with rigid SOC were regarded as having no problems.^[@ref22])^ SOC had a main effect on PAID scores and an indirect effect on HbA1c, though a direct relationship between SOC and HbA1c was not found in the present study. It is speculated that the respondents reported few subjective symptoms because 136 people (76.8%) had no diabetic complications. Therefore, it is possible that these respondents included people who may have strong SOC, but had a poor awareness of diabetes and did not comply with the treatment regimen, simply leading their normal lifestyle.

Some previous reports have found that PAID and HbA1c were positively related,^[@ref38]-[@ref40])^ while others did not.^[@ref41],[@ref42])^ The present study is consistent with previous works that suggest that they are related.

From the SEM analysis, these effects appear to imply causal relationships based on the hypotheses derived from the salutogenesis theory. The goodness-of-fit was adequate. However, the examination of the causal relationships is insufficient as the present study is cross-sectional. Therefore, it will be necessary to examine the causal relationships with a longitudinal study in the future.

This self-management model in clinical settings suggests that it is essential to focus on SOC as a supporting factor for self-management behavior rather than focusing on self-management behavior as a factor related to HbA1c. The advantage of this model is that the SOC of patients with type 2 diabetes is related to self-management, so it may be possible to improve the patients' self-management by ascertaining and working on their SOC. However, various factors affect HbA1c, including physical activity, smoking, psychological stress, depression, and hypertension^[@ref43])^. This study has not clarified whether GRRs are influenced by these factors. It is also essential to focus on factors other than SOC, which could not be included in this model.

Relationship between the SOC of patients with type 2 diabetes and relevant factors
----------------------------------------------------------------------------------

Major changes in financial status were related to lower SOC. It has previously been reported that changes in social and economic positions, including occupation and employment status, are related to SOC.^[@ref5])^ Our results suggested that major financial changes created instability and decreased SOC. Furthermore, HbA1c was positively impacted by major changes in the living conditions, pharmacotherapy for diabetes, and living alone. Major changes in living conditions likely involves changes in eating habits and exercise, and thus is connected to controlling blood sugar. Similarly, living with one or more persons may ease the burden of maintaining a healthy lifestyle, which would improve controlling blood sugar. Age was negatively impacted by major changes in living conditions. Many of the older respondents might have had difficulty changing their lifestyle because they were employed. Therefore, it might be necessary that the medical staff provide appropriate support after understanding changes in patients' financial status and living conditions as these conditions relate to HbA1c directly and indirectly through SOC.

Limitations
-----------

As these data were collected from only three hospitals in one area, generalizability of the study findings is limited. This study is a cross-sectional study; therefore, a causal relationship between SOC and other variables was not assessed. Another limitation of the present study is that it was a self-report questionnaire investigation. Additionally, 153 of the respondents (86.4%) visit the hospital regularly. Therefore, it is highly likely that the participants selected in this study were people who are willing go to hospital, and it cannot be ruled out that this may have affected the outcome of this study.

CONCLUSION
==========

The SOC of patients with type 2 diabetes in the present study tended to rise with age, contrary to Antonovsky's hypothesis. Moreover, a high SOC was related to a low PAID score and to having HbA1c under control. These observations suggest a direct effect of SOC on reducing the sense of burden from having diabetes and an indirect effect on decreasing HbA1c. Our findings imply that improving SOC in type 2 diabetes persons via outpatient care reduced the sense of burden from having diabetes and helped to reduce HbA1c. For diabetic outpatients, it is important to provide supports that suit the patient's lifestyle and personal traits such as age and financial status. This research suggests the possibility that the diabetic person's sense of burden can be controlled well by improving SOC. Therefore, it is necessary to examine the causal relationships through a longitudinal study.
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